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Cspl or 2 promoter 



Lucif erase or B-galactosidase 



genetically inserted into (he genome 



Cell lines and transgenic mice 

dnjg screening 



Assay for luciferase or B-galactosidase activity 
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human Cspl promoter (2.5kb) (S'^^ ^> 



1 

101 

201 
301 
401 
501 
601 
701 
801 
901 
1001 
1101 
1201 
1301 
1401 
1^01 
1 601 
1701 
1001 



cLtggqt tta 
gtaatcatag 
ggatatactt 
cLactctaag 
gtgcataaac 
tgtcttcatt 
agtagttaaa 
tactgtccaa 
tLgaggtcct 
ttaattcttt 
aaaaattact 
CQCt q aaata 
attgcgacta 
ggccacagag 
gcccctgtgc 
ccccagttat 
cttcagctgg 
gcccctaacc 
ggaaggtcac 
aagggcgggg 
ttggatctgc 
cgggcttctg 
ggaggccgtg 
cgattccgag 
cgcgtgaggc 
ggtcgcgcgg 
ggccgcggcg 
tgacgctgcg 
ggcggcggcg 
gcaggacctg 
tcgtggacgg 
cggagggcgg 
agt:c:ccggcc 
cggccgcgga 
ccgg tAj<^'C'; t 
aggc tcgccc 
qaat t cgct-C 



gctccctgag 
aaccgtgcac 
tttgttataa 
aaaaaatata 
agctaccatt 
ttttt^a^at 
aagcaaagct 
aaaagaattc 
ctj^a^tt_tttc 
cgttatgtcc 
tctaattaca 
gaaaaqtaag 
tatctgataa 
ccacagggag 
ttcaaaacgt 
caccccaagg 
caccag_ctg^ 
aacatggccg 
gj^^a^a3_ac[aa. 
tacaataacc 
cggtggccgg 
cccctcccgc 
tcgctgggag 
ggggttaacg 
ticcggcgcgc 
gcgcggggat 
gaqgcggcgg 
gcccttcgcg 
actggagctt 
ccicagcgcca 
cc tgtgccgg 
acacttgt^tg 
gcgcgcgggg 
cccgtcaggg 
agcacccccg 
cqgcccccgt. 
c:ccaaggtgg 
■ It t t act 



gacacaaact 
atggcaagtt 
ttactaacac 
actgtaattt 
tattaagcac 
ga gqaaacta 
gaaattcaga 
tatttttcag 
cgctattccc 
tattgtacat 
taaattttca 
gcattgttat 
tatacggtaa 
actatgtctc 
ccccgcatgg 
gcccaagagc 
cagaaaagcg 
ccctgaggct 
ttccgttcct 
caaccgqcgc 
ccctaggggc 
gcggaacggt 
actgctgaca 
gcggagccgc 
aagcccggag 
ggaggacggc 
aggcggccga 
ccccLctcgg 
catt.gactgc 
ccatcgcctg 
gtgaggaccq 
cccgaggagg 
cgqc^gaggca 

ctg<3ggcg^-9 
gggcgcgcgg 
gtgcgc(-cag 
ggcagcgccg 



g t ccLaagac 
ctgaataaat 
ttcctaacta 
cacaacctcc 
tgactgaatt 
agattcagct 
cccaagttct 
gaagagacat 
caaa^gaaa^ 
agcatataat 
caatggtata 
catggtctag 
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gcttaaattc 
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gacgggcggg 
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gcga cgt cc<: 
gggacggcgc 
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q ctggtg eg a 
crcgccccctg 
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murine Csp1 (SMQ ID N<3: 2) 

ATC GAG GAG GTG GAT C^r, CAG GAG 01X3 CCG AGC GCC A<:C ATc: GCC TCC CAC OIX; GAG CCXi 

GTC TTC G1-G GAG GGC CTG TCC GG<3 GCC AAA nT GAA TCC erC l-rC AGA ACA TAT GAC 

Ji^G GAC ACC ACC TTC CAG TAT TriT AAG AGC tJc AAA CGT GTC CGG ATA AAC 11'C AGC AAC 

CCC TTA TCT GCA GCC GAT GCC AGG CTG CGG CTG CAC AAG ACC GAG ITC CTG GGG AAG GAA 

ATC AAG TTG TAT TTT GCT CAG ACT TTA CAC ATA GGA AGT TCA CAC CTG GCT CCG CCC AAT 

CCC GAC AAA CAG Tl'C CTC ATC TCC CCT CCG GCC TCT CCT CCC GTT GGC TGG AAA CAA GTA 

G^ GAT GCC ACC CCC GTC ATA AAT TAG GAT CTT TTA TAT GCC ATC TCC AAG CTG GOG CCA 

^A GAG AAG TAT GAA CTG CAT GCA GCG ACA GAC ACC ACT CCC AGT G1X3 GTG GTC CAC GTG 

TCT GAG AGT GAC CAA GA<r, AAT GAG GAG GAA GAG GAA GAG ATG GAG AGA ATG AA<3 AGA CCC 
'^l CCC AAA ATC ATC CAG ACA CGG AGA CCG GAG TAG ACA CCC ATC CAC CTC AGC TGA 
codiny sequence: S9> nucleoLidcH 



!■ I .■ nr. Ill 
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murine Csp/ 


(SW^ ]I) NO: 


3) 








31 




1 

GAA ITC GTC 


GAC 


CC^A 


cx;c 


GU'C 


CGC 


CCA 


CGC 


GTC 
91 


CGC 


61 

GAA GAT GGG 


GGA 


err 


l-TC 


TTC 


CTC 


TGC 


TGC 


ATA 
151 


GAC 


121 

TTT GOT GAA 


GAG 


GCC 


l^C" 


CAA 


GCA 


CTC 


ACT 


GAC 
211 


i^rc 


181 

GCC roc AAT 


GTT 


CAC 


CAG 


TCI' 


GTG 


TTT 


GAA 


GAA 
271 


GAG 


241 

CTG l^C CGG 


ACC 


TAT 


GAT 


G7VA 


TCT 


GTG 


ACG 


TTC 

3 31 


CAG 


301 

CGA ATA AAT 


TTC 


AGC 


CAT 


CCC 


AAA 


TCT 


GCA 


GCC 
391 


CGT 


361 

GAG TTC AGA 


GGG 


A/vG 


AAG 


CTA 


AAA 


CTC 


TAG 


TTC 
451 


GCC 


421 

GGA GAC AAA 


CTG 


CAT 


TTG 


GCA 


CCT 


CCA 


CAG 


CCT 
511 


GCC 


481 

TCA TCT CCA 


TCT 


GTT 


GGC 


TGG 


AAG 


CCT 


ATC 


AGC 
571 


GAT 


541 

CTT CTT TAT 


GCT 


GTG 


GCC 


AAA 


CTA 


GGA 


CCA 


GGA 
631 


GAG 


601 

GAG TCT ACC 


<::cG 


hGC 


c;tc 


GTC; 


err (3 


CA'r 


rrro 


TGT 
691 


GAC 



661 

CCA AAG ACr 
721 

GGT CAC TGA 
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murine Csp1 (S. , ID NO: /.) ^^^^^ 

ATC GAG GAG GTG GAT CTG CAG GAC CTG COG AGC GCC 
M K K V I) 1. O n I, I" S A 

61/21 "^^^^^ 
CGC GTG TTC GTG GAC GGC CTG TGC CGG GCC AAA TTT 
H V F V I) G I. C F. A K F 



121/41 

AAG GAC ACC AC 
K D T T 
181/61 



151/51 
AAG AGC TTC AAi 
K S F K 
211/71 



V^^^V^ XXC-L Av_,i ^wx* 

P T. A A 0 A R ^ 



241/81 

ATG AAG TTG TAT TTT GOT CI 
M K L Y A O 

301/101 



271/91 
ATA GGA 
I G 
331/111 



A S 
391/131 



T N Y D L L 

451/l^'l 



P D K Q F I. 
3G1/121 

GAA GAT GCC ACC GCC GTC 

E D A T P V 

4 21/141 

GGA GAG AAG TAT GAA CTG CAT GCA GCG ACA GAC ACC 

G B K Y K H A A T 0^ T 

481/161 

T(;T GAG AGT GAC CAA <:;AG AAT (^AG 

C F: S 0 O K N K K K H F 
541/181 

7VAG CCC AAA ATC ATC CAG ACA C(^G AGA CCG uAG 1 

K P K T I 0 T P P 



511/17 1 

^G GAA 
P 

^j7 1/191 
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ATC 
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C 


CAC 
H 


CTG 
L 


GAC 
[) 


CCG 

p 


GAA 

p: 


TCC 

S 


CTC 
L 


F 


AGA 
R 


ACA 
T 


TAT 
Y 


GAC 
D 


CGT 
R 


GTC 
V 


R 


i i\ 

I 


N 


F 


S 


N 


AAG 
K 


ACC 
T 


GAG 
E 


TTC 
F 


G IC? 
I. 


G 


K 


P A A 

E 


AGT 

S 


TCA 

S 


CAC 
[I 


CTG 
L 


KjK^ 1 

A 


P 


P 


AAT* 

N 


CCT 
P 


CCC 

p 


GTT 
V 


GGC 
G 


TGG 

v; 


AAA 
K 


CAA 
Q 


GTA 
V 


TAT 
Y 


GCC 
A 


ATC 
I 


TCC 

S 


AAG 

?: 


CTG 
P 


GGG 
G 


CCA 
P 


ACT 
T 


CCC 
P 


AGT 

o 


GTG 
V 


GTG 
V 


GTC 
V 


CAC 
W 


GTG 
V 


GAG 
K 


ATG 
M 


GAG 


AGA 
P. 


ATG 
11 


AAG 
K 


AGA 
K 


CCC 

p 


ACA 
T 


CCC 

p 


ATC 
1 


CAC 
H 


CTC 
P 


A(;c 


T(;;a 





198 amino aciclfi and 597 nucleot icie:; 



murine Csp2 (s. . ID NC): !>) 
1/1 

GAA TTC CTC GAG GCA GGC GTG CG 
K F V I) V n V R 
61/21 

GAA GAT GGG GGA CTT TTC TTC CT 
E D G G I. F F L 

121/41 

TTT GCT GAA GAG GCC TTC CAA GC 
F A E F A F Q A 
181/61 

GCC TGC AAT GTT CAC CAG TCT GT 
ACNVllOSV 

241/81 

CTG TTC CGG ACC TAT GAT GAA TG 
L F R T Y T) E C 

301/101 

CGA ATA AAT TTC AGC CAT CCC A;^ 
R I N F S H P K 

361/121 

CAG TTC AGA GGG AAG AAG CTA AT 
Q E R G K K L K 

421/141 

GGA GAC AAA CTG CAT TT(^ GCA CC 

G L> K L H A P 
481/161 

TCA TCT CCA TCT GTT GGC TGG A/ 

o c; |. <^ V G W K 

541/181 

CTT CTT TAT GCT GT(^. GCC AAA CI 
L L Y A V A K L 
601/201 
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31 /I 1 



CCA 


CGC 


GTG CGC 


TTG 


(x;g 


<::ac; 


GAG 


GCA 


TCT 


ATC 


CGT 


V 


H 


V P 
91/31 


L 


G 


Q 


0 


A 


S 


I 


P 


TGC 


TGC 


ATA GAC 


AGA 


GAC 


TGG 


GCT 


GTG 


ACT 


CAC; 


TGT 


C 


C 


I D 
151/51 


R 


0 


W 


A 


V 


T 


Q 


C 


CTC 


ACT^ 


GAC TTC 


AGT 


GAT 


C^C 


CCC 


AAC 


TCA 


TTG 


TTT 


I. 


T 


D F 
211/71 


S 


D 


E 


V 


N 


S 


L 


F 


TTT 


GAA 


G7VA GAG 


GAG 


AGC 


AAG 


GAA 


AAA 


TTC 


GAG 


GGA 


F 


E 


E F 
2 /1/Vl 


E 


S 


K 


E 


K 


F 


E 


G 


GTG 


ACG 


TTC CAG 


CTG 


TTT 


AAG 


AGT 


TTC 


CGA 


CGG 


GTT 


V 


T 


F 0 
331/111 


L 


F 


K 


S 


F 


R 


R 


V 


TCT 


GCA 


GCC CGT 


GCC 


CGG 


ATA 


GAG 


CTT 


CAT 


GAG 


ACT 


S 


A 


A R 
391/131 


A 


R 


I 


E 


L 


{{ 


E 


T 


CTC 


TAG 


TTC (tCC 


CAG 


GTG 


CAG 


ACC 


CCA 


GAG 


ACA 


GAT 


L 


Y 


F A 
451/151 


0. 


V 


0 


T 


P 


E 


T 


D 


CCA 


CAG 


CCT GCC 


/JVA 


CAG 


TTC 


CTC 


ATC 


TCA 


CCC 


CCT 


P 


0 


V A 
5 1 1 / IVl 


K 


0 


V 


E 


I 


S 


P 


P 


C(::t 


ATC 


AGC (■;at 


GCC 


ACA 


CCA 


GTC: 


CTC 


AAC 


TAT 


(^AC 


I' 


J 


S i) 
571/1 91 


h 


T 


V 


V 


L 


N 


Y 


D 


*:;ga 


CCA 


GGA C,AG 




TAT 


GAG 


CTG 


CAC 


GCT 


GGA 


ACT 




V 


G i: 
631/. :ii 


K 


Y 


K 


L 


W 


A 


G 


T 


CAT 


GTG 


TGT GAC 


AGC 


GAC 


AT(; 


GAG 


AGG 


GAG 


GAG 





v"' V V H V C I) S O M F P F E t) 



E S T E 

— ^ -A AAA ATC AAT CAG X : ^ ^v,.. ^^i ^.v^^ v..;.., vam . 



CCA AAG ACT T(V C('A AAG CCA AAA Ai^^- /ww v .u. .v .. - ^- 

n" T P K [' K 1 N V r K i-^ [ G I, I 1 



V K T r> r K \ 

(;gt <^a/' t^/' 
(; n 



?A2 amino arwi.-, aiui / /' 9 lUiclf'otK 
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A. 



HZ 

us 



I 



JUL 



197 
□ 



DAnPP32 

Inhibitor-l EAgEywKf 
Phosphorylase kinase SEKKQ^S^ 
Rll VP@PGRFD 
CnA-AI RINERMPP 
Csp1 

Csp2 RK^^ 




:INQTR; 



B. 



100 



■Bal 80- 




D ALIS 



16 ol 



A. 



10[10. 



PMA 



1^1 



0 2TT^ 2 4 6 8hr 




GAPDH - 




NP 



N-P-i-CsA 



6 8 2 4 6 8hr 
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hours aftfH (Jfu^j troatmont 
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Hgurc.18 

Murine Csp?> (SHQ ID No: 22) 
cDNA Nucleic acid sequence (cotiing) 

atgctccgagacagcctgaaatctlggaatgacagccagtcagacctctgtagcagcgaccaggaggaggaagaggagatggtcttcggt 

gaaaatgaggacggactggaagagatgatggacctaagtgacctgcccacctcactctttgcttgcagtgtccatgaagcagtgtttgaggt 

ccaagagcaaaaggagaggtttgaggccctgltcaccctctacgatgaccagglcacattccagttgttcaagagttltcgcagagtgaggat 

caacttcagcaagcccgcaagagcgcggatagagctccacgagagtgagttccacggacggaagctgaagclttacllcgcacaggtgca 

ggtglccggggaggcccgggacaagtcctacltaclgccaccacaacccaccaagcagttcctcatctcccctcccgcttcatcccccgtgg 

ggtggaagcagagtgaagalgcgatgccagtgatcaactatgacctgctctgcgctgtctccaagctgggcccaggggagaaatacgaac 

tgcacgcgggaaccgagtccacccccagtgtggtggtgcacgtclgtgagagcgaaacigaagaggaagaagacacaaaaaatccaaaa 

cagaaaatcacgcagacgcggcgcccggaggctcccacggcggcactgagtgagcggctggactgtgcactctga 



19 of 31 



iMgurc 19 

cDNA nucleic acid sequence 

(entire coding f 5' and 3' IJTR) (SHQ 11) No: 23) 

gccgctgcggcccgcgttgagggcgtggtggctccgggtggtgagggtctgtccgccccaggccgcgctcgtggg 

catcccccctcgggcctctcccctcgagcgcacagaagtatctggcaggcatcctagaactttacagagaagatgctc 

cgagacagcctgaaatcttggaatgacagccagtcagacctctgtagcagcgaccaggaggaggaagaggagatg 

gtcttcggtgaaaatgaggacggaclggaagagatgatggacctaagtgacctgcccacctcactctttgcttgcagtg 

tccatgaagcagtgtttgaggtccaagagcaaaaggagaggtttgaggccctgttcaccctctacgatgaccaggtca 

cattccagttgttcaagagttttcgcagagtgaggatcaacttcagcaagcccgcaagagcgcggatagagctccacg 

agagtgagttccacggacggaagctgaagctttacttcgcacaggtgcaggtgtccggggaggcccgggacaagtc 

ctacttactgccaccacaacccaccaagcagttcctcatctcccctcccgcttcatcccccgtggggtggaagcagagt 

gaagatgcgatgccagtgatcaactatgacctgctctgcgctgtctccaagctgggcccaggggagaaatacgaact 

gcacgcgggaaccgagtccacccccagtgtggtggtgcacgtctgtgagagcgaaactgaagaggaagaagacac 

aaaaaatccaaaacagaaaatcacgcagacgcggcgcccggaggctcccacggcggcactgagtgagcggctgg 

actgtgcactctgagcggctgcggtgcctgccgcgcctgcctgtcccaccactacagctgcgcctgtctaggagcaca 

gcccagggatgctcttgcatccgtcag 
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Hgurc 20 

Murine Csp3 (SI-IQ II) NO: 24) 
Amino acid scc]ucncc 

MLRDSLKSWNDSQSDIX^SSDQEEnnnMVFGIZNIiDGLEHMMDLSDLPrSLFACSVlII-AV 
FEVQEQKHRiaiAIJ-rLYDDQVTFQLFKSFRRVRINFSKPARARIHLlinSEFPlGRKLKLYF 
AQVQVSGEARDKSYLLPPQPTKQFLISPPASSPVGWKQSEDAMPVINYDLLCAVSKLGP 
GEKYELHAG'lESTPSVVVHVCESETEEEEDTKNPKQKrrQTRRPEAPTAALSERLDCALZ 
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Figure 21 Identification of a Third Calcipressin Family Member, Csp3 
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A third calcipressin family member, termed cspS, was cloned from murine 
T cells and found to have high sequence homology with cspl and csp2. 
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I igure 22 Calcipressin 3 Inhibits Calcineurin Mediated 

Translocation of NFAT 



NFAT-GFP 



NFAT-GFP+ CN 



4» 




NFAT+(CN+Csp3-myc) Csp3-myc+(NFAT+CN) 



Panel A demonstrates the cytoplasmic expression pattern of the transcrip- 
tion factor NFAT tagged with green fluorescent protein (GFP) in the absence 
of stimulus. Upon co-expression of calcineurin (CN), NFAT shuttles 
into the nucleus as seen in panel B. 



Panel C demonstrates the cytoplasmic expression of NFAT in the presence 
of calcineurin and calcipressin 3 (Csp3), suqqestinn inhibition of PN nrtivJt\ 
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gure 23 . Generation of anti-Csp2 and anti-Csp1 
Monoclonal Antibodies 



3F4A-Biotin mAb Anti-mvc pAb 



Myc-Csp2 transfected BHKceils 
3F4A-Biotin mAb Anti-mvc pAb 





Myc-Csp1 transfected BHK cells 



Monoclonal antibodies (mAb) were generated against 
Csp1 and Csp2. 3F4A mAb was biotinylated and 
demonstrated to recognize ceils transfected with both 
myc-tagged csp2 (top panel) and cspl (bottom panel), 
as verified by immunostaining with a myc pAb. 
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TCTAAGGATTAAACGCTGTCTGCAGCGTGATAACTTTAGCCATTCAGCCAGAAiTrAATATAG^ 
GTGAACATCCTCACTGCTTlC7CTCTGCAAGCCAGTCAGCACAGTGTrTGTCGnTGGCAGCTGr?f7r? ^^zin 
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TTTTCTTGCTCGGTCTCACTCA1CTT7AATACTGCAAGAAGCCGAT1CTTCTAGGGCAC TCAGAGGr^ F - 
TTGAGAAGGCACTCTATGCTCCTGGGCGGNTGAGCTCTTCGATGGCAGAGGCCC?ACCGjAG^^^^^^ 2^5 
, 2''^° , 2^0 2480 2490 2500 2510 2520 

GCCTAGAGCTTAGCCAGTGCCTCCCATGGCGCCCCAACACCACTGTGAATTlAACTATCCCACCTTAri 259n' 

^^^^I"Z^!ISSI?^^??^^^^^^^C^^AGTAAGCATAGAACAGAAGAGACAAGAAGAGAAGAGATAGGA 266U 
V77^P:rp:^"""^'^' ' '^LAAA^CAAGCCCTCCCCGAGTGAAGGAAGCTGTGTATATTCATACAGTGrrA 27^0 
TGTGCACTCCTGAGCACGCGCAGTTGAAAATCATGGAGATGAACATGGTGGACAGGGTGTGC^?GGG??? 28oS 
,.,,,..2 8^0 , 2820 2830 2840 2850 2860 2870 

^^|I^^^^^{^"TGAAGTGCTTGGATTTAACTCCTAGGGCTCAGGACAGAAGGGACGGTGTCTT 2940 
^rJ^II^Jrll^^TJ^I^^^^^^^^^^^^^^^^^^^'^^^C'^GTACAGATGGCTGTGAGCCTTCATGTGGTT 3010 



GTCCCTGCTTGCTCCAGCCCAAAGATTTATTTATTAfTAfA^ATAAG^ACAC^GlAGr^' ' ' ''^''^^ ^^^^ 
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igure Schematic Representation of the Gene-targeting Vectors 

Used to Disrupt the Csp1, -2, and -3 Genes 
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This schematic diagram shows the organization of the Csp genes (top) and 
the targeting vectors (middle)constructed to disrupt the Csp genes. Our 
targeting vector will replace exon 6 with the neomycin drug resistance genes. 
This exon contains the start of the inhibitory, or c-terminal domain of all three 
genes which should effectively destroy the calcineurin inhibition activity. The 
genomic structure of all three genes is relatively similar with different size introns 
(15, 16). Exons are denoted bv th^ cihaH pH K/^voo x^Mth r>Mmhrrrn 
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igiiie 28 Constructs Used to Generate Tissue-Specific 
Expression of Csp1 in Transgenic Mice 



Cardiac Specifc Expression: 
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T-Cell Specific Expression: 
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This schematic diagram demonstrates the constructs injected into 
blastocysts to generate transgenic mice. Wild-type full length myc-tagged 
Cspl under the control of a myosin heavy chain (MHC) promoter (top half) 
will ensure cardiac specific expression. Similarly Csp1 with the sequence 
element, amino acids, 188-191, "RRPE" deleted is also expressed under the 
MHC promoter. 



